Atrial fibrillation is the most prevalent cardiac arrhythmia, affecting 10% of those aged over 80 years. Despite multiple treatment options, it remains an independent prognostic marker of mortality due to its association with clinical sequelae, particularly cerebrovascular events. Management can be broadly divided into treatment of the arrhythmia, via rhythm or rate control, and stroke thromboprophylaxis via anticoagulation. Traditional options for pharmacotherapy include negatively chronotropic drugs such as b-blockers, and/or arrhythmia-modifying drugs such as amiodarone. More recently, catheter ablation has emerged as a suitable alternative for selected patients. Additionally, there has been extensive research to assess the role of novel oral anticoagulants as alternatives to warfarin therapy. There is mounting evidence to suggest that they provide comparable efficacy, while being associated with lower bleeding complications. While these findings are promising, recent controversies have arisen with the use of novel oral anticoagulants. Further research is warranted to fully elucidate mechanisms and establish antidotes so that treatment options can be appropriately directed.
Introduction
Atrial fibrillation is the commonest cardiac arrhythmia, affecting 1-2% of the general population in the developed world and 10% of those aged over 80 years. 1 It is an important precipitant of cerebrovascular events and has adverse effects on quality of life. This review provides an overview of the management strategies involved in atrial fibrillation, including pharmacological agents, catheter ablation and left atrial appendage occlusion devices. Full exploration of recent evidence underpinning use of the novel oral anticoagulants and its comparison with conventional warfarin therapy is also provided.
Methods
The authors performed electronic searches of The Cochrane Library 2015, MEDLINE (1996 MEDLINE ( -2015 and EMBASE (1996 EMBASE ( -2015 with use of specific terms. For pragmatic purposes, searches were limited to those indexed from 1996 onwards. Only studies of English language were included. Grey-literature sources such as NHS evidence were also utilised to obtain material of interest, albeit restricted to specific domains. Other relevant sources included ESC 2010 guidelines and local/regional presentations (Leeds General Infirmary, UK).
Atrial fibrillation categorisation
A number of categorisation systems have been utilised to guide management strategy, with the classical method relying upon the anatomical distinction between 'valvular' and 'non-valvular' atrial fibrillation. This has now been superseded by a categorisation based upon the existence of haemodynamic compromise, indicated by shock (blood pressure < 90/60 mmHg), chest pain, pulmonary oedema or syncope. This classification is useful in emergency settings as it highlights patients in need of rapid cardioversion. The most commonly used classification is based on temporal characteristics and comprises five subgroups: first diagnosed atrial fibrillation, representing the initial presentation; paroxysmal atrial fibrillation which is a self-terminating episode lasting less than seven days; persistent atrial fibrillation which is an episode lasting between seven days and one year; long-standing persistent atrial fibrillation where the arrhythmia lasts over a year but where there remains potential for rhythm control; and permanent atrial fibrillation, where the arrhythmia is accepted and no attempts are made to restore normal sinus rhythm. Irrespective of the method of categorisation used, underlying principles in management are treatment of the arrhythmia by rate or rhythm control, and reduction in systemic thromboembolic risk using anticoagulation. Figure 1 provides a summary of the management algorithm. 2 
Rhythm and rate control
For patients in acute atrial fibrillation associated with haemodynamic compromise, synchronised external direct current cardioversion is the treatment of choice. It is imperative, however, that associated conditions such as infection are identified with urgency as treatment of the underlying disorder rather than the dysrhythmia per se often leads to rapid resolution of symptoms and physiological parameters. In those instances where atrial fibrillation is not associated with haemodynamic compromise, rhythm or rate control may be appropriate depending on the specific clinical scenario.
Rhythm control
It is reasonable to consider rhythm control as an initial approach in young patients (<65 years) who are symptomatic and would be suitable for escalating treatments such as ablation if indicated. 2 In those instances where atrial fibrillation is secondary to a treatable precipitant, such as infection or hyperthyroidism, a rhythm control strategy would also be pertinent. Furthermore, in patients with impaired left ventricular function, rhythm control is preferable since restoration of normal sinus rhythm can improve cardiac output. For those with a first diagnosis of atrial fibrillation with symptoms, acute cardioversion (via either pharmacological or electrical means) is appropriate if the duration does not exceed 48 h. Otherwise, exclusion of intra-cardiac thrombus by Figure 1 . Management algorithm for atrial fibrillation (adapted from 2010 ESC guidelines). For patients with haemodynamic compromise secondary to atrial fibrillation, acute direct current cardioversion is the treatment of choice. For those without haemodynamic compromise, once appropriate anticoagulation has been initiated, a choice can be made between rate and rhythm control. In both cases, pharmacotherapy plays an important role. The drugs typically used for rate control are b-blockers, nondihydropyridine calcium channel blockers and digoxin. Acute chemical cardioversion is usually achieved with intravenous amiodarone or flecainide, although novel alternatives such as vernakalant and ibutilide are now available. Amiodarone, flecainide and sotalol are the drugs of choice for longer-term pharmacological rhythm control. (a) Arrhythmia-modifying drugs. The use of arrhythmiamodifying drugs (AMDs) has been a mainstay in the treatment of acute atrial fibrillation and for long-term control. Amiodarone is most widely used, and clinical trials have consistently shown it to be the most efficacious in maintaining normal sinus rhythm. Nonetheless, long-term success rates remain disappointing with a recurrence rate of at least 35% across multiple trials. 3 Alternatives for rhythm control include flecainide, sotalol and novel agents such as vernakalant and ibutulide. 2 Vernakalant has been specifically approved in ESC guidelines as an effective alternative for acute chemical cardioversion (7 days for non-surgical patients and 3 days for surgical patients). It has atria-selective properties, which avoids the pro-arrhythmic risk associated with QT prolongation of action potentials in the ventricles. An overview of anti-arrhythmic drugs is provided in Table 1 .
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(b) Electrical cardioversion. For patients with haemodynamic compromise precipitated by atrial fibrillation, external direct current cardioversion is used as an emergency measure to rapidly restore normal sinus rhythm. It can also be utilised as an elective procedure in patients who are clinically stable. Patients require three weeks of therapeutic anticoagulation prior to the procedure and success rates are improved by concurrent therapy with anti-arrhythmic drugs. Factors which are inversely related to success include arrhythmia duration and left atrial dimensions. Overall, success rates are around 70-80% immediately post procedure, albeit with a 50% risk of recurrence within one year. In such refractory cases, internal direct current cardioversion with electrode catheters is a reasonable option to consider.
(c) Pulmonary vein ablation. In patients with persistent symptoms despite anti-arrhythmic drug therapy (and/ or a rate-limiting agent), referral to an electrophysiologist for consideration of ablation is appropriate. The technique involves use of radiofrequency or cryothermal energy to destroy cells that form the foci for impulse initiation and propagation. The discovery that ectopy frequently arises at junctions between the pulmonary veins and left atrium provided the rationale for pulmonary vein isolation as a method to electrically isolate this trigger zone from surrounding tissue. 4 Subsequent research has explored whether additional substrate modifications, for example via left atrial linear ablation, provides adjunct benefit. However, the results of the STAR-AF2 study has demonstrated that additional procedures beyond pulmonary vein isolation do not appear to confer improvement in symptoms and thus, a 'less is more' strategy may be preferable. 5 In paroxysmal atrial fibrillation, most studies have shown success rates of >80%, whereas 50-60% is more typical for persistent atrial fibrillation. 6 Potential improvement in quality of life following intervention needs to be balanced against the 3-4% risk of complications, which include stroke, cardiac tamponade and atrioventricular nodal block. Outcome data suggest that normal sinus rhythm is better maintained after ablation in comparison with conventional anti-arrhythmic drug therapy. However, results appear to be heavily influenced by inclusion criteria and pre-selected endpoints. Most significantly, there have been no prospective studies to indicate that ablation improves mortality, though a recent analysis of registry data has offered encouraging findings. 7 Thus, at present, guidelines indicate that intrusive symptoms are a mandatory prerequisite for pulmonary vein ablation.
Rate control (a) Pharmacotherapy. Controlling the ventricular rate is an effective management strategy in atrial fibrillation, particularly in elderly patients with minimal or absent symptoms. Pharmacotherapy generally falls into three categories: b-blockers, non-dihydropyridine calcium channel blockers and digoxin. b-blockers are first-line therapy and usually effective. Bisoprolol is the most commonly used agent, but alternatives with shorter half-lives such as metoprolol or atenolol are options if tolerability is a concern, for instance, in patients with a history of emphysema. Situations in which b-blockers are contraindicated include hypotension, acute pulmonary oedema or brittle asthma. Non-dihydropyridine calcium channel blockers are a useful alternative for the latter group, but should also be avoided in the setting of hypotension or acute pulmonary oedema, as well as chronic, significant ventricular dysfunction. Lastly, digoxin provides a positive inotropic effect and enables use irrespective of haemodynamic status, which is particularly beneficial in critical illness. However, since it is not effective at suppressing exercise-induced tachycardia, use is limited to sedentary patients or as adjunct therapy. In terms of target heart rate, prior guidelines advocated strict control to improve symptoms and quality of life. However, the RACE2 trial has demonstrated that lenient control (resting heart rate < 110 bpm) is as effective as strict control (resting heart rate < 80 bpm or heart rate during moderate exercise < 110 bpm) while being easier to achieve.
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(b) Atrioventricular node ablation. For patients in paroxysmal atrial fibrillation that is symptomatically intrusive and drug-refractory, permanent pacemaker implantation (conventionally DDDR/MS) followed by atrioventricular node ablation can be effective in suppressing symptoms and improving quality of life. 9 Nonetheless, in comparison with ablation procedures, it should be considered palliative as it acts indirectly by regulating ventricular rate and does not directly eliminate electrophysiological substrate. Additionally, there are inherent associated risks with any invasive procedure, and thus, an individualistic approach with a pragmatic stance must be adopted. The indications for ablation in the context of persistent atrial fibrillation are less convincing. A second, potential indication for atrioventricular node ablation is in the context of congestive cardiac failure. The role of cardiac synchronisation therapy in patients with refractory cardiac failure, evidence of inter-ventricular dyssynchrony and normal sinus rhythm is well established. In the context of atrial fibrillation, however, its benefits are not as defined and subsequently, recent studies have assessed the specific role of atrioventricular node ablation in these cohorts to aid synchronised and complete biventricular capture. Results from a systematic review appear to advocate atrioventricular node ablation, with demonstrable improvements in functional class and mortality benefits. 10 
Rate versus rhythm control
Historically, the prevailing opinion had been that rhythm control is superior to rate control. The PIAF trial was the first to suggest that pharmacological rate control was comparable to rhythm control achieved by anti-arrhythmic drugs and/or electrical cardioversion. 11 This was followed by the RACE and AFFIRM studies, which demonstrated that both strategies were equivalent with regard to morbidity and mortality. 12, 13 Based on these findings, the previously held notion regarding superiority of rhythm control was weakened. One aspect that was not accounted for in the initial trials was the influence of the adverse effects associated with anti-arrhythmic drugs on the overall outcomes. With this in mind, data from the AFFIRM study was re-analysed using an on-treatment analysis method. Interestingly, this demonstrated that normal sinus rhythm was associated with a 47% increase in survival compared to atrial fibrillation, while use of antiarrhythmic drugs conferred a 49% increase in mortality. 14 The conclusion drawn from this analysis was that achieving normal sinus rhythm for patients in atrial fibrillation is indeed advantageous. However, the adverse effects of the anti-arrhythmic drugs mitigate any potential benefit.
Scoring systems for risk stratification
Various analyses have identified clinical factors that increase the risk of thromboembolism in the context of atrial fibrillation. One such study, entitled SPAF, 15 resulted in the formation of the CHADS 2 scoring system, which became the first stroke risk predictor for patients in atrial fibrillation. However, while it has clear use in identifying those at highest risk (2), it was less robust at highlighting those with 'low risk'. The more recently developed CHA 2 DS 2 -VASc criteria (Table 2 ) is superior at identifying true 'low risk' patients and has now superseded CHADS 2. However, the decision to anticoagulate needs to be balanced against associated risks of haemorrhage. To quantify bleeding risk, the HAS-BLED score (Table 2) has been advocated in ESC guidelines due to its predictive value and its ability to identify risk factors which can be actively managed. 8 All patients being considered for anticoagulation require a formal assessment of bleeding risk. A high HAS-BLED score (3) does not necessarily preclude anticoagulation, but accentuates the need for close monitoring and identification of reversible risk factors.
Warfarin versus novel oral anticoagulants
With respect to stroke thromboprophylaxis in atrial fibrillation, initial trials compared aspirin to warfarin and these two agents were the mainstay of treatment for decades. However, it is now apparent that the benefits of aspirin in stroke prevention are weak, while the rates of intracranial haemorrhage are comparable to warfarin. As such, use of aspirin is no longer recommended for stroke prevention in atrial fibrillation and current guidelines instead recommend that all patients with a CHA 2 DS 2 -VASc score 1 should be strongly considered for anticoagulation. 2 While warfarin remains an effective agent in stroke thromboprophylaxis, reducing risk by up to twothirds, it has well-established drawbacks. Due to its narrow therapeutic index, patients require close monitoring of their international normalised ratio, which necessitates frequent blood testing. It also has the potential for interaction with a wide range of pharmacological agents. In recent years, a number of alternative agents have been developed, collectively termed the novel oral anticoagulants. In contrast to warfarin, these drugs have a predictable pharmacokinetic profile, fewer drug interactions and do not require monitoring. 16 The four novel oral anticoagulants currently in use are the direct thrombin inhibitor dabigatran, and the factor Xa inhibitors rivaroxaban, apixaban and edoxaban. For a summary of their profiles, see Table 3 .
Dabigatran was the first novel oral anticoagulant to demonstrate effective thromboprophylaxis in atrial fibrillation, based on the RELY trial. 17 The lower dose (110 mg twice daily) was non-inferior to warfarin with respect to stroke and systemic embolism, while being associated with lower rates of major haemorrhage. The higher dose (150 mg twice daily) was associated with lower rates of stroke and systemic embolism, at the expense of a higher bleeding rate. No differences in all-cause mortality were noted. Subsequently, the ROCKET-AF trial compared use of rivaroxaban to warfarin in atrial fibrillation 18 and found it to be non-inferior with respect to stroke and systemic embolism, with comparable rates of mortality. However, a retrospective analysis found increased rates of gastrointestinal haemorrhage. 19 The ARISTOTLE trial followed on from ROCKET-AF and demonstrated that use of apixaban was associated with significant reductions in systemic embolism, as well as major bleeding. 20 Of significance, this was the first trial to demonstrate a mortality benefit compared to warfarin. Edoxaban is the newest addition to the novel oral anticoagulants collective, and the ENGAGE-AF-TIMI trial demonstrated it to be non-inferior to warfarin in terms of systemic embolism. 21 The incidence of major bleeds was significantly reduced, with the exception of gastrointestinal haemorrhage when high-dose edoxaban was administered.
The distinction between 'valvular' and 'nonvalvular' atrial fibrillation becomes important when selecting anticoagulant agent. Classically, the former is restricted to instances where atrial fibrillation occurs in the presence of rheumatic mitral valve disease, prosthetic mitral valve or mitral valve repair. However, there is variability in pathogenesis between these individual entities and in view of this, recent proposals have advocated a more precise definition ('MARM-AF' -mechanical and rheumatic mitral valvular atrial fibrillation). 22 While this classification has been largely superseded by temporal categorisation, the increased popularity of novel oral anticoagulants has brought anatomical classification back into prominence since they are currently only licensed for use in non-valvular atrial fibrillation.
Controversies surrounding NOACs
Usage of novel oral anticoagulants in atrial fibrillation has increased in recent years, yet controversies still exist among this burgeoning group of drugs. Until the recent release of edoxaban, rivaroxaban was unique among the novel oral anticoagulants in being a once daily regimen. This was perceived to provide an advantage with regard to patient compliance. However, as with all novel oral anticoagulants, its relatively short half-life poses unresolved questions about pharmacokinetic efficacy. Interestingly, a twice daily regimen for rivaroxaban is advocated in the context of acute coronary syndromes. There is also real-world data to indicate that reduced 23 An ongoing controversy with rivaroxaban relates to the discovery that a faulty, point-of-care device for international normalised ratio testing was utilised during the ROCKET-AF study. 24 This was subsequently recalled in 2014 due to its tendency to under estimate international normalised ratio. Consequently, a significant proportion of those in the warfarin arm deemed to be within therapeutic range may have been over-anticoagulated. This has clear confounding potential on the relative bleeding rates observed between warfarin and rivaroxaban. As a result, the validity of the trial findings have been called into question, and indeed, some are advocating a further trial to provide clarity. 25 One of the purported benefits of novel oral anticoagulants compared to warfarin is the predictability of their effects. However, it is not uncommon for patients administered warfarin to be out of therapeutic range, indicating sub-optimal anticoagulation. In contrast, the fixed dosing regimen of novel oral anticoagulants theoretically provides a more consistent pharmacological effect. However, this notion is predicated upon adequate compliance which may not manifest in large clinical trials where patients are well-motivated and closely monitored. The twice-daily dosing regimens of apixaban and dabigatran, in contrast to once-daily warfarin, may impact upon compliance since real-world registry data suggest that patients treated with once-daily regimens generally display greater adherence. 26 The issue of cost-benefit comparisons between warfarin and novel oral anticoagulants warrants further scrutiny. While the aforementioned trial data cast novel oral anticoagulants favourably, particularly apixaban, improved clinical outcomes were manifest as relative risk reductions, with absolute benefits rather more modest. For instance, the ARISTOTLE trial demonstrated a statistically significant reduction in stroke with apixaban, however, the number needed to treat to achieve this benefit over the 1.8-year follow-up period was 175. Given that a month's supply of apixaban is threefold more expensive than equivalent costs of warfarin pharmacotherapy and monitoring, it is questionable whether the extra expenditure is justifiable. 27 Lastly, warfarin has a potent antidote to reverse bleeding in the form of vitamin K, which replenishes stores of clotting factors II, VII, IX and X. In contrast, there are currently no specific antidotes for novel oral anticoagulants licensed for use, and management involves prompt drug discontinuation with close monitoring. However, there are agents currently in development. One such example is the monoclonal antibody idarucizumab, which has acquired approval for the reversal of dabigatran in patients requiring urgent surgical procedures. 28 Overall, there is no question that novel oral anticoagulants provide an attractive and efficacious alternative to warfarin in the management of atrial fibrillation. However, warfarin remains useful and well-established. For those patients who are consistently within therapeutic range and have no concerns regarding tolerability, the benefits of switching to a novel oral anticoagulant may be equivocal. As such, the binary distinction between use of warfarin or novel oral anticoagulant for all patients in atrial fibrillation may be too simplistic. A more nuanced approach whereby novel oral anticoagulants are reserved for patients at highest risk of bleeding events on warfarin, such as those frequently outside of therapeutic range, is perhaps more appropriate.
Left atrial appendage closure devices
The left atrial appendage is the main source of intracardiac thrombus in non-valvular atrial fibrillation, and thus, occlusion of this anatomical region via closure devices was deemed an attractive alternative in selected patients. Specifically, it is relevant in those who fulfil the criteria for long-term anticoagulation (warfarin or novel oral anticoagulant), but where a clear intolerance exists or a high risk of bleeding. The PROTECT-AF and PREVAIL trials, which compared the Watchman device to warfarin therapy, found left atrial appendage occlusion to be non-inferior to warfarin in stroke prevention, while possibly lowering bleeding risk. 29, 30 While these results are encouraging, a few caveats need to be borne in mind. Use of left atrial appendage closure devices introduces a procedural risk that is avoidable with pharmacotherapy. Additionally, antiplatelet therapy is required subsequent to device deployment which prolongs bleeding risk, while the minimum duration of antiplatelet therapy remains unknown. Overall, the evidence base remains limited and further trials are necessary before it can be incorporated within routine practice.
Conclusions
Significant progress has been made in our understanding of the pathophysiology of atrial fibrillation in the past two decades, and advances in treatment options such as targeted catheter ablation reflect this.
Furthermore the introduction of novel oral anticoagulant therapy for stroke thromboprophylaxis has provided a robust alternative to traditional warfarin treatment. While these recent advances are promising, it is important to acknowledge that the morbidity and mortality associated with atrial fibrillation remains significant. There may be a role for opportunistic screening in patients with relevant symptoms, such as dyspnoea and palpitations, to facilitate early diagnosis and management. However, this would need to be performed within the context of a public health framework and with a rigorous assessment of benefit and risk. Focused efforts to identify specific antidotes for novel oral anticoagulants may herald the dawn of a new era in bleeding reversal to improve management in the acute setting. Additionally, further research to elucidate the mechanisms that relate to initiation and propagation of this common dysrhythmia appears to be of particular relevance to optimise treatment strategies and abrogate adverse risk. 
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